1. The shapes of post-synaptic potentials (p.s.p.s) in cat motoneurones were compared with the time course of changes in firing probability during repetitive firing. Excitatory and inhibitory post-synaptic potentials (e.p.s.p.s and i.p.s.p.s) were evoked by electrical stimulation of peripheral nerve filaments. With the motoneurone quiescent, the shape of each p.s.p. was obtained by compiling post-stimulus averages of the membrane potential. Depolarizing current was then injected to evoke repetitive firing, and the post-stimulus time histogram of motoneurone spikes was obtained; this histogram reveals the primary features (peak and/or trough) of the cross-correlogram between stimulus and spike trains. The time course of the correlogram features produced by each p.s.p. was compared with the p.s.p. shape and its temporal derivative.
INTRODUCTION
Synaptically mediated interactions between neurones have been investigated in two types of recording situations. Intracellular recording of post-synaptic potentials (p.s.p.s) evoked by activation of presynaptic cells has revealed synaptic connectivity in terms of excitatory and inhibitory post-synaptic potentials (e.p.s.p.s and i.p.s.p.s). The considerable range of shapes and sizes of p.s.p.s has suggested corresponding differences in the effectiveness of underlying synaptic connexions. Alternatively, extracellular recording has shown that the changes in firing probability of the post-synaptic cell can be used to document its synaptic input from presynaptic cells. In this case the interaction between neurones can be detected by cross-correlating the input events (stimulus or spike trains) with the output spike train of the post-synaptic cell. Certain features of the cross-correlograms have been used to infer the types of underlying synaptic connexions, as previously described (Moore, Perkel & Segundo, 1966 ; Moore, Segundo, Perkel & Levitan, 1970; Bryant, Marcos & Segundo, 1973; Knox & Poppele, 1977;  Kirkwood, 1979) . The 'primary effect' of a synaptic interaction is the peak and/or trough nearest the origin of the crosscorrelogram; its size and shape normally depend more on the synaptic potentials produced by the connexion than on the firing characteristics of the relevant cells.
'Secondary effects' are the correlogram features farther from the origin, which reflect periodicities in the firing of pre-and post-synaptic cells; they can be used in conjunction with autocorrelograms to infer the direction of the neural interactions (Moore et at. 1970) .
SYNAPTIC POTENTIALS AND FIRING PROBABILITY
The relation between the shapes of primary cross-correlogram features and the underlying p.s.p.s is of some consequence. If one knew this transform, one could infer the effects produced by observed p.s.p.s on the firing probability of the post-synaptic cell; conversely, one could also infer, from cross-correlograms, the shapes ofunderlying p.s.p.s. Although the relation between p.s.p.s and correlograms has been theoretically analysed, few empirical comparisons have been made. Moore et al. (1970) have argued that the shape of the primary correlogram peak produced by an e.p.s.p. should resemble the wave form of the underlying e.p.s.p., because 'to a first approximation the instantaneous firing probability ofa neuron is inversely related to the instantaneous distance between the membrane potential and threshold'. Indeed, they found that e.p.s.p.s in Aplysia neurones produced primary correlogram peaks that broadly matched the e.p.s.p.s. Similarly, in motoneurones of the crayfish claw, the correlogram peaks resemble the e.p.s.p.s, although not all e.p.s.p.s generate correlogram peaks (Lindsley & Gerstein, 1979) .
In contrast to these results, theoretical analyses of neural models have led to the conclusion that e.p.s.p.s would produce correlogram peaks that resemble their temporal derivative. This relation reflects the fact that the membrane trajectory of the post-synaptic cell would typically cross threshold for firing during the rise of the e.p.s.p. For a neurone model that reached a threshold firing level by integrating e.p.s.p.s, and reset the membrane trajectory after firing, Knox (1974) found that the resulting correlograms resembled the derivatives of a variety of e.p.s.p. shapes. Further tests of this model confirmed that 'the primary synaptic effect appears in the cross-correlation function as a distorted version of the derivative of the p.s.p.' (Knox & Poppele, 1977) . Assuming such a relation, others have used the integral of post-stimulus firing probability of human motor units to infer the shape of underlying p.s.p.s in motoneurones (Ashby & Labelle, 1977; Ashby & Zilm, 1978 , 1982b Homma & Nakajima, 1979) .
Still a third possibility was suggested by Kirkwood & Sears (1978) in their analysis of the synaptic events underlying the average common excitation potential in inspiratory motoneurones. They proposed that the primary correlogram peak could be the sum of two linear terms: one proportional to the e.p.s.p., the second proportional to its temporal derivative. The two proportionality constants could be chosen to provide good theoretical matches to observed average common excitation potentials (Kirkwood & Sears, 1978 ) and short-term synchronization of intercostal motoneurones (Sears & Stagg, 1976) . Compiling cross-correlograms between intercostal muscle afferents and ventral root efferents during respiration, Kirkwood & Sears (1982) found correlogram peaks whose shapes could plausibly resemble the sum of such terms, given the shapes of single-fibre e.p.s.p.s documented in separate experiments.
The present study was designed to compare directly the time course of p.s.p.s and the corresponding correlogram features in mammalian motoneurones. Intracellular micro-electrodes in cat lumbar motoneurones were used to record p.s.p.s and to produce repetitive firing by current injection. E.p.s.p.s and i.p.s.p.s of varying amplitudes were evoked by electrical stimulation of peripheral nerve filaments; first with the motoneurone quiescent, to document the average p.s.p. shape, and then with the motoneurone firing repetitively, to Fig. 1 ).
An analogue tape recorder with a band width of 0-10 kHz was used to record (1) voltage pulses marking the stimuli, (2) Fig. 2A) . For a given size of e.p.s.p., those with slower rise times generally produced wider correlogram peaks.
The relative amplitude of the correlogram peak to base-line firing rate was calculated by dividing the maximum firing rate in the peak by the average firing rate preceding the e.p.s.p. This amplitude ratio is plotted against e.p.s.p. amplitude in Fig. 3A . The Figure shows that the height of the correlogram peak increased with the e.p.s.p. size; the regression line fitted to these points has a slope of 23 7/mV. The values plotted in Fig. 3 A represent the maximum firing rate in the correlogram peak; another measure of increased firing might be the mean firing rate throughout the peak -from its onset to its return to base-line rates. This mean relative increase in firing during the entire correlogram peak, when plotted against e.p.s.p. amplitude, resembles the plot shown in Fig. 3A , except that values of the mean rates in the peak are generally about one-third of the maximal rates.
The height of the correlogram peak was also related to the e.p.s.p. derivative as illustrated in Fig. 3B (Fig. 3C) . In a similar manner, correlogram peaks and e.p.s.p. derivatives were normalized to an e.p.s.p. peak amplitude of 1 mV (Fig. 3D ). This normalization procedure gives a significant increase in correlogram peak with increased e.p.s.p. peak amplitude (slope of regression line: 11 3/mV, P < 0 01) and no change with increased peak derivative (slope 1-4/mV . msec, P < 005), suggesting that the amplitude of the correlogram peak may depend more on the e.p.s.p. peak amplitude than on the e.p.s.p. peak derivative. However, these experimental data are clearly too few and scattered to allow any final conclusion.
Width of correlogram peaks
The duration of the correlogram peak was typically briefer than that of the e.p.s.p., and was more closely related to the duration of the e.p.s.p. rise. This is shown in Fig.  4A , which plots the duration of the correlogram peak, measured from onset to end, against the time-to-peak of the e.p.s.p. The e.p.s.p.s with longer rise times produced wider correlogram peaks. However, the size of the e.p.s.p. had some effect on this relation. For large e.p.s.p.s, with peak amplitudes greater than 1 mV, the points are distributed about the line indicating equality between correlogram duration and e.p.s.p. time-to-peak; for smaller e.p.s.p.s, the correlogram duration was typically longer than the e.p.s.p. time-to-peak. This is further illustrated in Fig. 4B , where the ratio of the correlogram peak duration to the e.p.s.p. time-to-peak is plotted against the peak amplitude of the e.p.s.p.s. The mean value of this ratio was 1-45 + 042 S.D. for all e.p.s.p.s less than 1 mV (n = 18), compared with a mean of 1-05+0-34 for e.p.s.p.s greater than 1 mV (n = 18). Thus, the correlogram peaks of larger e.p.s.p.s often matched the duration of their rise times, while correlograms of smaller e.p.s.p.s exceeded the rise times (P < 005).
The width of the correlogram peak was also compared with the duration of the entire e.p.s.p. The average half-width of the correlogram peaks (065 +028 msec, n = 38) was much shorter than the mean half-width of these e.p.s.p.s (4 3 + 1.5 msec). The individual ratios of correlogram half-widths to e.p.s.p. half-widths are plotted in Fig. 4C (Kirkwood & Sears, 1978  Kirkwood, 1979 For small e.p.s.p.s, the correlogram peaks, which were wider than the derivative, typically rose more slowly than the derivative. As illustrated for the cell in Fig. 7 Fig. 9A exhibited two components in the rising phase, producing two corresponding peaks in its temporal derivative; however, these derivative peaks are not reflected in the cross-correlogram, which is unimodal. Moreover, the falling phase of the e.p.s.p. has both fast and slow components evident in its derivative but not in the correlogram trough, which is limited at zero.
A second example (Fig. 9B) is an e.p.s.p. whose rising phase has two slopes, a rapid initial rise followed by a slower rise to its summit. Again, these two slope components are not accurately reflected in the correlogram peak, which is broader than the large derivative peak and does not show the subsequent slow component. Double e.p.s.p.s were sometimes evoked, as shown in Fig. 9C derivative peaks. The fact that Fig. 9C showed greater reduction in the second correlogram peak than in Fig. 9D is probably related to the e.p.s.p. size: the first e.p.s.p. is five times larger in Fig. 9C . Fig. 9E compares the effects of a small and a large e.p.s.p. separated by 40 msec. The amplitude of the correlogram peak produced by the larger e.p.s.p. was proportionately larger than that produced by the small e.p.s.p. The integrated correlogram also showed peaks whose relative amplitudes were similar to those of the e.p.s.p.s. In four cells examined with two e.p.s.p.s, the amplitude ratios of the e.p.s.p.s were 4-4, 4-1, 3-1 and 2-3 (the smaller e.p.s.p.s had amplitudes of 0O5-1-0 mV); the corresponding integrated correlogram peaks had ratios of 3 9, 3-6, 4-2 and 3*1. Thus, the relative amplitudes of the e.p.s.p.s were reflected in the relative heights of the integrated correlograms.
Correlograms produced by i.p.s.p.s
The effects of compound i.p.s.p.s on the cross-correlogram are illustrated by representative examples in Fig. 10 . i.p.s.p.s, evoked by stimulating nerves of antagonist muscles, produced correlograms whose primary feature was a trough followed by a shallow peak. The time course of this sequence was distinctly different from the derivative of the i.p.s.p. As indicated in Fig. 10 (A1, A2 and B1) , the motoneurone firing probability dropped to zero through the peak of the i.p.s.p.; this was followed by a rebound increase in firing beginning during the decay of the i.p.s.p. 
-correlogram transform
In an active neurone, p.s.p.s produce correlated changes in firing probability that appear as primary peaks and troughs in the cross-correlogram between the source of the synaptic input and the neurone's action potentials (Bryant et al. 1973 ; Kirkwood, 1979; Knox, 1974; Moore et al. 1966 Moore et al. , 1970 Perkel, Gerstein & Moore, 1967) . The possible relations between the shapes of the p.s.p. and the resultant correlogram features have been analysed theoretically, but empirical data have remained relatively indirect. Three different linear transforms have been proposed on theoretical grounds. If firing probability were inversely related to instantaneous distance to a voltage threshold, the correlogram would be expected to resemble the p.s.p. itself (Moore et al. 1970) . On the other hand, if threshold is typically crossed during the rising (depolarizing) phase of the p.s.p., the correlogram should resemble the temporal derivative of the p.s.p. (Knox, 1974) . Evidence from respiratory motoneurones led Kirkwood & Sears (1978 Another non-linear feature was a temporal delay between the onset of the e.p.s.p. and the onset of the correlogram peak. This delay, averaging almost 0 5 msec, was not simply a consequence of triggering the correlogram pulses late on the rising edge of the action potential, since the trigger threshold was carefully set at the onset of the initial segment spike. This delay probably reflects some minimal utilization time required for the membrane currents to initiate the action potential at the axon hillock. Larger e.p.s.p.s would be expected to have shorter utilization times, and in our data the correlograms of larger e.p.s.p.s did have shorter delays. This delay may also include conduction time of the p.s.p. from the site of p.s.p. recording to the site of spike initiation, and conduction time of the action potential to the recording site. The comparison between p.s.p. and correlogram shapes was made after they were temporally shifted for optimal overlap.
The range of e.p.s.p.s studied allowed the amplitude of the correlogram peak to be related to e.p.s.p. parameters. As indicated in Fig. 3 , the relative amplitude of the correlogram peak above base-line rates was an increasing function of both the amplitude and the rising slope of the e.p.s.p.s. In the present data, amplitude and slope of e.p.s.p.s also covaried with each other, so normalization procedures were used to separate these variables. (Fig. 4) . Kirkwood & Sears (1982) (Fig. 4) Our attempt to fit the correlogram features by adding terms proportional to the e.p.s.p. and its derivative produced mixed success (Fig. 7) . Although the amplitudes of two such terms could sometimes be adjusted to better match the wider correlogram peaks of small e.p.s.p.s in synaptic noise, this combination then failed to match the subsequent trough. The term proportional to the e.p.s.p. generally lasted so long that it eliminated or reversed the trough when added with sufficient amplitude to widen the peak. In contrast, the single-unit cross-correlogram peaks of Kirkwood & Sears (1982) were not followed by a trough; instead some of their peaks had a shallow 'tail', in qualitative agreement with their predictions. Several differences in their experimental conditions could explain these different results. Their single-fibre e.p.s.p.s were typically much smaller than our composite e.p.s.p.s; the upper end of their range (200,uV) corresponds to the lower end of ours. Secondly, their intercostal motoneurones were activated by synaptic input, generating synaptic noise several times greater than we produced, even with muscle stretch (Fig. 6) Knox (1974) and Knox & Poppele (1977) , based on a model of e.p.s.p.s superimposed on a membrane trajectory that approached a constant voltage threshold. Our 402 SYNAPTIC POTENTIALS AND FIRING PROBABILITY observations also lend empirical support to the use ofthe integral of the post-stimulus firing probability of human motor units to estimate the initial time course of the underlying aggregate e.p.s.p.s. In active soleus motor units of human subjects, Ashby & Labelle (1977) documented post-stimulus effects produced by group I volleys in extensor muscle nerves; the duration of the primary correlogram peak (3-6 msec) was taken as a measure of the rise time of the underlying e.p.s.p. Their correlogram peaks were wider than ours, probably due to larger afferent volleys and to greater temporal dispersion of conduction in afferent and efferent pathways. Similar results were obtained in tibialis anterior motor units (Ashby & Zilm, 1978 , 1982b . Using triangular muscle stretches, Homma & Nakajima (1979) measured post-stimulus responses of gastrocnemius motor units in humans; integrating the primary correlogram peak evoked by stretching the soleus, they estimated the rise of the compound e.p.s.p. to be 4-7 msec. These experimenters also used inhibitory synaptic input from antagonist muscles to produce primary correlogram troughs; the observed decreases in motor unit firing lasted considerably longer than the correlogram peaks associated with excitatory input from synergists (Ashby & Labelle, 1977; Homma & Nakajima, 1979) . These results are consistent with our findings that aggregate i.p.s.p.s generated correlogram troughs wider than the peaks produced by e.p.s.p.s of comparable duration. The fact that the correlogram trough produced by large i.p.s.p.s was not simply related to the shape of the i.p.s.p. or its derivative (Fig. 10) would suggest that the integral of the cross-correlogram produced by aggregate i.p.s.p.s cannot be used to reconstruct the shape of the underlying i.p.s.p.
Threshold crossings of a motoneurone model
The observed relations between primary cross-correlogram features and underlying p.s.p.s can be understood qualitatively in terms of a model in which the p.s.p.s are superimposed on a membrane trajectory approaching threshold (Knox, 1974; Ashby & Zilm, 1982 a) . This type of model, shown in Fig. 11 , yields a close relation between the correlogram peak and the e.p.s.p. derivative. The membrane trajectory of a repetitively firing motoneurone is shown in Fig. 1 A with two e.p.s.p.s occurring during an interspike interval. The second e.p.s.p. occurs at a time when the membrane trajectory is sufficiently close to threshold that the e.p.s.p. would initiate an action potential; in effect, this e.p.s.p. advances the occurrence ofthe second action potential to its rising phase. Fig. 11 B illustrates these events from the point of view of a time axis aligned with the onset of the e.p.s.p.s. The stimuli that initiate the e.p.s.p.s occur at the origin of this time axis, which is also the abscissa of the cross-correlogram in C. To simplify analysis without losing generality, we can first represent the e.p.s.p., e(r), as rising and falling linearly, with a peak height, h. The difference between the motoneurone membrane trajectory and voltage threshold preceding an action potential is designated as v(r) and is represented as a linear function in Fig. 11 B. In the absence of any e.p.s.p., the average firing probability of the motoneurone would be a constant, fo, as a function of time, r, after the 'stimulus'; i.e. the correlogram would be flat (Fig. 11 C) . Evoking an e.p.s.p. regularly at time ro would change the post-stimulus-firing probability as shown by the heavy line in Fig. 11 predicts that the duration of the correlogram peak equals the rise time of the e.p.s.p., in agreement with our results for large e.p.s.p.s (Fig. 4B) A)=fo ode(r) f(r)=fgod+. dT This expression is valid so long as de/dr -v', which is equivalent to the condition thatf(T) must be > 0. If the e.p.s.p. decay rate exceeds iv (as illustrated for the large e.p.s.p. in Fig. 12 ), the corresponding firing rate would drop to zero, since intercepts are precluded over an interval whose duration is determined by the 'shadow' cast by the e.p.s.p. peak intercepting the trajectories, v(r). These correlogram functions are plotted in Fig. 12B for two time-dependent e.p.s.p.s, which differ in magnitude and in their corresponding temporal derivative.
Thus, the noiseless-threshold-crossing model predicts many of the empirically observed relations. The shape of the correlogram peak generated by the model matches the time course of the positive derivative of the e.p.s.p. Such a match was observed for many of the larger e.p.s.p.s, for which the assumption of a smooth approach to threshold is valid (Fig. 5) . Moreover, if the e.p.s.p. decays more slowly than iv, the above equation would also hold for the falling phase of the e.p.s.p. In such a case, illustrated for the small e.p.s.p. in Fig. 12 , the negative values of the e.p.s.p. derivative would yield a proportional drop in firing rate below the base line, generating the correlogram trough. Empirically, many of the small e.p.s.p.s did show a good match between the correlogram trough and the negative e.p.s.p. derivative (Figs. 5 and 6) . For large e.p.s.p.s whose decay rate exceeds v, the absence ofintercepts in the shadow cast by the peak yields a zero firing rate. Empirically, large e.p.s.p.s commonly generated correlogram troughs with zero firing rate (Fig. 5) .
Thus, assuming a smooth motoneurone trajectory approach to threshold, the model predicts that the ratio of the correlogram peak height above base line to base line (L4 -fo]/fo) would be proportional to the e.p.s.p. derivative; the proportionality constant is the reciprocal of iv, the rate of closure between membrane potential and threshold. The term v depends on the time course of the voltage threshold as well as on the membrane potential. If the voltage threshold is constant during the interspike interval (Calvin & Stevens, 1968; Kernell, 1972) , v equals the absolute slope of the membrane potential trajectory. But evidence from statistical analysis of interspike intervals (Calvin & Stevens, 1968) and direct threshold testing (Calvin, 1974) suggests that in some cases the voltage threshold may be rising towards the end of the interval; in this case, v) would be less than the membrane potential slope. An estimate of this term from the line fitted to the points in Fig. 3B would be v = 0-13 mV/msec, which is compatible with published records (Schwindt & Calvin, 1972; Baldissera & Gustafsson, 1974; Calvin, 1974) .
The effect of e.p.s.p.s evoked by repetitive activation of afferent fibres on motoneurone firing rate is usually considered to be equivalent to the mean depolarization (or mean current) produced by the e.p.s.p.s, i.e. equivalent to intracellularly injected constant current (Granit, Kernell & Lamarre, 1966) . Although the present experimental and theoretical data stress the importance of the e.p.s.p. derivative in determining the shape of the correlogram peak, the data are not at variance with the importance of the e.p.s.p. voltage itself in governing the net change in firing rate. In fact, the threshold-crossing model predicts that the mean increase in firing rate produced by an 'unshadowed' e.p.s.p. (whose decay is less than v) is proportional to the mean e.p.s.p. amplitude, averaged over time. As seen in Fig. 12 (Fig. 12) . The mean increase in motoneurone firing frequency produced by the large e.p.s.p. would then be greater than its mean depolarization level, by an amount proportional to the difference between the areas of the real e.p.s.p. and its 'equivalent unshadowed e.p.s.p.' (shaded area in Fig. 12) . Thus, the noiseless model predicts that e.p.s.p.s would produce a net increase in firing rate as large as that produced by their average depolarization (unshadowed e.p.s.p.s) or larger (shadowed e.p.s.p.s).
Qualitative explanation of non-linear transforms Synaptic noise. The above model has assumed that the motoneurone membrane potential approaches threshold smoothly and linearly. Normally, other p.s.p.s would be superimposed on the membrane trajectory, producing voltage fluctuations comparable in size to the correlated e.p.s.p. The effect of these fluctuations could be qualitatively estimated by considering the illustrated membrane trajectory, v(r), preceding an action potential to represent the mean of a set of trajectories, each deviating from the mean by superimposed fluctuations. As a consequence, some smooth trajectories that would have missed the e.p.s.p. (those producing action potentials occurring at r > 74) now have a chance of intercepting the e.p.s.p. This would enhance the probability of firing about the peak of the e.p.s.p., including times past the peak. The effect of such random fluctuations on the membrane trajectory would be to broaden the correlogram peak, making it wider than the e.p.s.p. derivative; such broadening was, in fact, observed for small e.p.s.p.s accompanied by substantial synaptic noise (Fig. 5) (Kirkwood & Sears, 1982) .
The noiseless-motoneurone model, with smooth membrane trajectories, predicts a correlogram peak proportional to the e.p.s.p. derivative; the effect of superimposed synaptic noise can be considered to add a second term representing the additional probability of threshold crossing. The exact shape of this additional term would depend on the frequency spectrum and amplitude distribution of the synaptic noise, as well as on the shape of the e.p.s.p. Kirkwood & Sears (1978 suggested this additional term might be proportional to the e.p.s.p. itself. In our records, the correlogram peaks produced by small e.p.s.p.s in synaptic noise required an additional term somewhat shorter than the e.p.s.p.; such a term should contribute preferentially near the peak of the e.p.s.p. and decrease faster than the e.p.s.p. to avoid cancelling the correlogram trough.
Generation of such a non-linear term could be qualitatively explained by the motoneurone model in terms of the threshold crossings produced by the synaptic noise. Considering the trajectories diagrammed in Fig. 11 B, it is clear that a major contribution to this additional term derives from mean approach trajectories v('r) above the e.p.s.p., which now could intercept the e.p.s.p. by virtue of the statistical fluctuations about their mean. Two factors would tend to favour interceptions around the peak of the e.p.s.p., versus crossings during the tail of the e.p.s.p. Since the noise amplitude distribution drops off as a function of distance from the mean trajectory, the peak of the e.p.s.p. has a greater net chance of being intercepted by higher trajectories than the base of the e.p.s.p. The faster the decay rate of the e.p.s.p. compared with the rate of closure, dv/dr, the more the peak will be preferentially intercepted (cf. Fig. 12 ). The second factor favouring earlier threshold crossing is that a given trajectory can intercept the e.p.s.p. only once; after crossing threshold and initiating a spike, the trajectory is eliminated from further interaction. Since interception late in the e.p.s.p. is contingent on the absence of any preceding threshold crossing, the probability of the first crossing occurring later in the e.p.s.p., decreases with time. Consequently, the triggering of spikes during the initial part of the e.p.s.p. is favoured. The higher the frequency spectrum of the noise fluctuations relative to the e.p.s.p., the more will this factor favour early crossings. This factor also helps explain the non-linear summation of correlogram peaks produced by a pair of large e.p.s.p.s (Fig. 9C) ; when the e.p.s.p. interval is shorter than the interspike interval, the number of trajectories available for interaction with the second e.p.s.p. is reduced by their intersection with the first. I.p.8.p.8. The simple voltage-threshold model above also provides a qualitative explanation for the correlogram features associated with aggregate i.p.s.p.s. The fact that the primary correlogram trough exceeds the duration of the i.p.s.p. derivative would be a consequence of the fact that the i.p.s.p. rising slope exceeds dv/dr. As shown in Fig. 11 D, In our analysis, the shapes of the correlogram features have been compared to the time course of p.s.p.s measured with the motoneurone at rest. As is evident from Fig,  11 A, the more relevant factor for predicting the correlogram from the voltage model is the shape and size of the p.s.p. near threshold (Knox & Poppele, 1977) . With regard to e.p.s.p.s, the experimental evidence of Edwards, Redman & Walmsley (1976) suggests that the shape of unitary Ia e.p.s.p.s changes minimally over several millivolts of depolarization; the major change is an occasional increase in the falling slope of the e.p.s.p. During rhythmic firing at low frequencies, the conductance near the end of the interspike interval should approach that at rest (Baldissera & Gustafsson, 1974) , suggesting that at the low firing rates used (10-20 impulses/sec) the e.p.s.p.s near threshold should resemble those measured at rest. In contrast to the e.p.s.p.s, the i.p.s.p.s had appreciably greater amplitude near threshold than at rest (Fig. 10) . This would increase the duration of the resulting correlogram trough over those predicted on the basis of i.p.s.p.s measured at rest, and further exaggerate the non-linear relation between aggregate i.p.s.p.s and their correlograms.
The degree to which the present results with motoneurones will hold for other types of neurones remains to be demonstrated. The above model, involving a nearly linear approach to voltage threshold for spike initiation and interspike intervals exceeding the duration of p.s.p.s, is characteristic of rhythmically firing motoneurones, and explains qualitatively most of the observed relations between p.s.p. shape and correlogram features. To the extent that other neurones exhibit similar firing mechanisms, one might anticipate similar relations. However, in neurones capable of firing repetitively during the time course of a single p.s.p., the correlogram features may prove to reflect more the shape of the p.s.p. itself.
